Résumé. 2014 Abstract. 2014 The gelification process by polycondensation leading to self similar clusters of polyurethane is studied, near and below the gelation threshold. In dilute solutions, where light scattering experiments are performed, the interaction between clusters is a function of 03B5, the distance to the gelation threshold. This is a direct evidence of the swelling of the clusters. Thus, the experimental value of the exponent which links the size of the largest clusters to the distance from the gel point 03B5 is larger than the value predicted by the percolation theory. However, the exponent 03B3, which links the weight average molecular weight to 03B5, is determined and found to be equal to 1.71 ~ 0.06, in agreement with percolation theory. The gelification process by polycondensation and percolation belong to the same class of universality : they share two exponent values 03C4 and 03B3.
Size and mass determination of clusters obtained by polycondensation near the gelation threshold M. Adam (1) , M. Delsanti (1), J. P. Munch (+,1) and D. Durand (2) (1) Service Abstract. 2014 The gelification process by polycondensation leading to self similar clusters of polyurethane is studied, near and below the gelation threshold. In dilute solutions, where light scattering experiments are performed, the interaction between clusters is a function of 03B5, the distance to the gelation threshold. This is a direct evidence of the swelling of the clusters. Thus, the experimental value of the exponent which links the size of the largest clusters to the distance from the gel point 03B5 is larger than the value predicted by the percolation theory. However, the exponent 03B3, which links the weight average molecular weight to 03B5, is determined and found to be equal to 1 Half a century ago a mean field theory of the gelation threshold [1, 2] was developed. This theory, well adapted to describe the chemical process (as for example the location of the gel point) was verified experimentally [3] . About ten years ago an analogy was done [4, 5] between gelation and percolation, the latter being a critical phenomenon of connectivity. This analogy was followed by Monte Carlo simulation [6] and by few experiments. Here we are interested in the formation of gel through chemical reaction.
We show experimentally that the gelation process, near and below the gelation threshold, is well described by the critical theory of percolation. [11] where Ri is the radius of the swollen cluster.
Inserting the laws obtained in the framework of percolation model (relations (1), (7) and (3)) in relations (9) and (10) In order to check the analysis and the qRZ (C ) range of validity of formulae (17) and (18) we use a sample having a mean radius of gyration of about 700 A.
-With the first approximation (Eq. (17)) we find (see Fig. 2a The relative intensity of the light scattered by a diluted sample, extrapolated to zero transfer vector q, is strongly dependent on concentration (see Fig. 3a ) and presents a maximum at a concentration denoted as C. It is found that C is inversely proportional to B, the interaction parameter. The experimental results (Fig. 3b) used for the extrapolation to zero concentration are obtained in a concentration range smaller than C (thus C 2 terms in relation (13) are negligible).
In figure 4 we plot the variation of the weight average molecular weight MW as a function of the distance to the gel point. The observations of the swelling of the clusters because the two quantities are independent of c in the unswollen state (see Ref. [8] p. 145 and relation (11) ).
Due to this swelling, the exponent v' linking the size to the distance to the gel point cannot be directly compared to the percolation exponent value v = 0.88. Actually, using our experimental results on the z average radius of gyration (see Fig. 6 ) Fig. 4 (25) (for the meaning of the symbols see Fig. 4 ).
extrapolated to zero concentration, we find using A variation of rc of + 3 x 10-4 leads to a variation of 0.04 of the exponent value.
The linear behaviours, in the log log representations (Figs. 4, 5 and 6 ) indicate that rc evaluation (0.5596) is correct and its precision is adequate in the range of e investigated (4 x 10-3 to 10-1 ).
The ratio of the different mean values of the sizes Lz (Eq. (16)) and Rz (Eq. (15)) is a constant in the whole range of e (4 x 10-3-2 x 10-2) where both quantities can be determined
In relation (1) , supposing that f (M/M* ) is a constant for M M *, and equal to zero for M &#x3E; M* we find that:
where a is a parameter dependent on the conformation of the clusters. Using relation (26) and the values of T and D (Eq. (20), (21)) we obtain [19] in agreement with the experimental results (one can suppose here that a ~ 1 as it is for both a Gaussian polymer and a swollen polymer).
This experimental result, the ratio of z average sizes, Lz/ Rz, is a constant independent of E, seems to indicate that the mass distribution function, once normalized by the number of clusters having the mass is independent of the stoichiometric ratio r. Or, in other words, the clusters obtained by polycondensation for different stoichiometric ratio r of diisocyanate and triol are mass self similar.
In figure 7 we report the variation of Mw as a function of Rz on a log log scale. In this figure are also reported results obtained on 2 samples on which the radii of gyration were measured by small angle neutron scattering experiments (samples diluted in TDF) and molecular weights by light scattering experiments. This allows us to increase the range of Mw and R, investigated [20] . The [20] . measured by small angle neutron scattering experiments on one sample diluted in TDF (E::-2 x 10-2) [18] , it was found to be D(3 -T ) = I -c q _ 0 and R are determined using a least mean squared fit. On each run the precision on the two quantities and the quality factor are determined (see Fig. 2 ).
If the radius of gyration is larger than 600 A, the same procedure is used but 50 measurements of intensity are performed between (J min and the 0 value corresponding to qR ~ 2. Then the reduced scattered intensity is fitted to with 3 adjustable parameters /-1 Cq-+O' R, L (see Fig. 3 ).
Once the range of scattering angles is determined, the experiments are performed at least 4 times. The precision given in section 3 is the reproducibility of measurements.
